The creation of composite materials with an improved range of service properties, necessary for the development of modern technology, is a topical direction in polymer chemistry and technology. Expansion of the range of synthetic rubber opens up possibilities for developing one of the productive fi elds of research in the creation of rubber composites based on two or more elastomers.
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It is then possible to obtain rubbers with properties that are not only characteristic of each of the elastomers in their recipe, but also obtain a more than additive advantage in a number of mechanical properties (Refs. [1] [2] [3] . Improvement of physico-mechanical and technological properties is achieved by proper selection of the polymers for blending by correcting the recipe and the conditions of introduction of the ingredients (Refs. 4, 5) . New routes for chemical modifi cation of the structure and properties of polymers and for creating composites based on elastomers have been presented in the literature (Refs. [6] [7] [8] . To obtain composites possessing a particular range of technological and service properties, up to 5 parts by weight of a chloro-, carboxyl-containing modifi er were included in the composition of a binary mixture of diene rubbers (Ref. 9) .
In this work we investigated the properties of binary mixtures based on rubbers (butadiene-nitrile rubber (SKN) and bromobutyl rubber (BBR)), modifi ed by trichloroacetic acid (TCAA), with industrial synthetic isoprene rubber (SKI), fi lled with type N 330 carbon black. Proportions of the components in the composition (parts by weight): diene rubber/SKI/TCAA/carbon black = 50/50/5/50. The starting components were mixed in a Banbury mixer for 6 minutes for systems without fi ller, and for 15 minutes for fi lled compositions. The recipe and mixing conditions were selected (T s 50°C, T e 60-65°C, n 60 rev/min). All the components were added to the mixer in the order shown in Tables  1 and 2 . The rate of vulcanisation was determined with a vulcanometer. The vulcanisation conditions were determined for each composition.
The physico-mechanical and technological properties of vulcanisates of the compositions obtained were investigated in quasistatic loading at a strain rate of 200 mm/min.
The composition and properties of the binary mixtures (mean value from fi ve measurements) are shown in Tables 1 and 2 .
As can be seen from Table 1 , adding TCAA to the composition increases the tensile strength (σ t ) slightly, by a factor of 1.13, but reduces the relative elongation at break (ε) by a factor of 1.3, whereas the modulus at 100% (M 100 ) and 200% (M 200 ) elongation increases by a factor of 1.6. Addition of fi ller only to the system increases σ t more than four-fold, but causes ε to decrease by a factor of 1.3; the value of M 100 increases six-fold, but M 200 falls to zero. Simultaneous addition of TCAA and carbon black to the composition leads to a six-fold improvement in σ t , and nearly seven-fold improvement for M 100 and M 200 , whereas the value of ε decreases by a factor of 1.15 compared with the starting composition. It appears that the strength properties increase with intensifi cation of interaction of modifi er with the fi ller owing to formation of chemical bonds and adsorption bonding.
When the physico-mechanical properties of vulcanisates of the compositions obtained were investigated in quasistatic loading, it was found that addition of the modifi er or fi ller to the composition of a BBR/SKI binary mixture leads to an increase in tensile strength and modulus at 100% and 200% elongation, but causes some decrease in relative elongation at break. The greatest improvement in properties is observed when the modifi er and fi ller are used simultaneously. The rate of vulcanisation in the fi lled composition is twice as high as in the unfi lled composition. Addition of modifi er to the system increases the vulcanisation time by a factor of 2-2.5. Table 2 , vulcanisates of unfi lled binary mixtures of diene rubbers, with and without modifi er, do not have very high physico-mechanical properties. Addition of TCAA to the composition causes a halving of the tensile strength (σ t ) and relative elongation at break (ε), but leads to an increase in modulus at 300% elongation (M 300 ) by a factor of 1.6 and in rate of vulcanisation by a factor of 1.3. Addition of carbon black to the starting composition promotes an increase of σ t by 3.3 times, of M 300 by 8.5 times, and of the rate of vulcanisation by 1.3 times, but a decrease of ε by 1.3 times. Simultaneous addition of TCAA and carbon black to the composition leads to an increase in σ t by 1.8 times and an increase in the rate of vulcanisation by 2.5 times, but causes ε to decrease considerably (by a factor of 4), and the value of M 300 falls to zero.
As shown in
The physico-mechanical properties of vulcanisates of the compositions obtained were investigated in quasistatic loading, which showed that use of fi ller alone -N 330 carbon black -in the SKN/SKI binary mixture leads to a sharp improvement in strength properties of the system, whereas with addition of TCAA there is impairment of M 300 by an order of magnitude, which can apparently be explained by interaction between the carboxyl and nitrile groups (Ref. 10 ).
The infl uence of TCAA on the thermal stability of fi lled and unfi lled vulcanisates based on blends of diene elastomers was investigated on a type Q-1500D derivatograph of the Paulik-Paulik-Erdey system. The tests were carried out in dynamic mode with specimen heating at 5 degrees/min. The data obtained for the thermal stability of materials based on the BBR/SKI and SKN/SKI binary compositions are presented in Table 3 .
As can be seen from Table 3 , when BBR and SKI are mixed together the half-life τ 1/2 of the composition does not change signifi cantly, but thermal stability in the range 50-100°C is somewhat poorer owing to formation of volatile decomposition products. Addition of the modifi er TCAA to this composition does little to alter the thermal stability of the material. Addition of fi ller to the BBR/SKI blend increases the half-life considerably, and the composition becomes thermally stable. Simultaneous use of modifi er and fi ller in the blend increases the half-life of the composite material and increases its thermal stability up to a temperature of 300°C, evidently as a result of formation of new active crosslinking sites, which in their turn have a benefi cial effect on the thermal stability of the composition.
It can be seen from Table 3 that SKN rubber loses up to 15% of its mass up to 125°C, but is practically stable in the range 150-325°C. The mass of SKI changes gradually up to 275°C, but at 325°C there is a sharp increase in the rate of mass loss and the sample burns away almost completely. Blending of the two rubbers leads to impairment of the thermal stability of the system. Addition of modifi er or only fi ller to the composition increases the thermal stability of the composition up to 325°C. Simultaneous addition of TCAA and carbon black to the system is undesirable, because at 150°C the weight loss is already 32% and after that there is a smooth decline in weight by 1% for every 20°C, reaching a value of 40% at 300°C. The high thermal stability of vulcanisates of the fi lled blends appears to indicate the presence of strong crosslinks in the vulcanised structures (Ref. 11).
It has been established that in BBR, 90% of the bromine is in the allyl position to the double bond (i.e. 90% of the unsaturation of the initial BR is preserved) and 10% is in the form of dibromides (Ref. 12) . Presence of the halogen in the isoprene group greatly increases the activity of the double bonds, which can interact with TCAA to yield Structure I. Structure I contains a carboxyl group, which can participate in the vulcanisation process, by interacting with the zinc oxide.
The effect of TCAA modifi er and fi ller on the properties of composites based on binary mixtures of diene rubbers was investigated in the course of the research. It was shown that when BBR and SKI rubbers are blended using the modifi er in the presence of fi ller, there is substantial improvement in the thermal stability, technological and physico-mechanical properties of the composites produced. The high strength properties of the metal-oxide vulcanisates can be explained by the particular features of vulcanisation with carboxyl groups and by the constitution of the vulcanisation structures that form.
It was established that when SKN and SKI rubbers are blended in the presence of fi ller, the thermal stability, technological and physico-mechanical characteristics of the composites produced are improved considerably. Addition of TCAA in the composition of an unfi lled SKN/SKI blend promotes an increase in the rate of vulcanisation and in the thermal stability of the composite. In fi lled systems, however, the use of TCAA leads to impairment both of thermal stability and of the strength properties compared with the SKN/SKI/carbon black composite, which is obviously connected with the structural characteristics of the composites obtained.
Interaction of a carboxyl group with a nitrile group apparently leads to the formation of intramolecular and intermolecular diacylamide structures, which promotes deep crosslinking of the macromolecules and an increase in stiffness of the system.
The high thermal stability and strength of vulcanisates of the fi lled SKN/SKI blend appears to indicate that the vulcanisation structures contain strong (chemical) crosslinks, formation of which is connected with chemical transformations of the nitrile groups, which are bound as complexes on the surface of the dispersed particles of carbon black and zinc oxide. 
